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2 " 6 Although the labile fraction can be effectively removed by incubating the blood sample with isotonic saline, the procedure is time consuming. 2 We present a chemical means of rapidly removing the labile glycosylated fraction.
MATERIALS AND METHODS
Anticoagulated, packed erythrocytes from normal, nondiabetic volunteers were incubated for 3 h at 38°C in isotonic phosphate buffered saline (pH 7.0) with 1400 mg/dl of glucose to generate high concentrations of the labile glycosylated fraction. Previous work has demonstrated a concentration-dependent increase in the labile glycosylated hemoglobin with increasing glucose concentrations in vitro. 4 The erythrocytes were then centrifuged (1500 x g , 5 min) and the packed cells either incubated overnight in 10 vol of isotonic saline (22°C) or incubated for 30 min at 38°C with 30 mM semicarbazide and 12 mM aniline pH 5. After the incubations, the erythrocytes were centrifuged, the supernatant was aspirated, and the packed cells were prepared for assay.
Two assay methods were used. In the high-pressure liquid chromatography method adapted from Cole et al., 7 hemoglobins A 1a+b , A 1c , and A o (adult nonglycosylated hemoglobin) are separated on the basis of charge differences. Erythrocytes are hemolyzed in 1 1 /2 vol of distilled, deionized water and glycolipids extracted with 1V2 vol of toluene. Separation of the hemolysate from toluene, glycolipids, and cell ghosts is accomplished by centrifugation (1500 x g, 30 min). The hemolysate is diluted in a low phosphate buffer and 20 /xl (10 /xg hemoglobin) is applied to the cation exchange column. The buffers are the same as previously described. 7 The electrophoretic method (Corning Medical and Scientific, Medfield, Massachusetts) is a commercially available method that endosmotically separates hemoglobin A, (hemoglobin A 1a+1b+1c ) from the nonglycosylated adult hemoglobin on citrate agar gels. 8 Erythrocytes are hemolyzed by adding 5 vol of hemolyzing buffer (1 g/L saponin in water) supplied by the manufacturer. One microliter of sample is applied to the gel. Using the electrophoretic method, one can assay 8 samples/h compared with 2 samples using the liquid chromatography method.
RESULTS
The 3-h incubation of erythrocytes in glucose-rich medium increased the mean hemoglobin A, (HbA,) concentration by 67% from 7.58% to 12.7% as assayed with the electrophoretic method (N = 10, Figure 1 ). The mean increase was 77% when measured by liquid chromatography. Overnight incubation with isotonic saline lowered the mean HbA! concentration to 7.29% by the electrophoretic assay. A 30-min incubation with semicarbazide and aniline accomplished a similar decrease to 7.25% (Figure 1) . Liquid chromatography provided similar results (Figure 2) . The HbA! concentrations of whole blood, whole blood after glucose incubation and overnight incubation with isotonic saline, and whole blood after glucose incubation and a 30-min incubation with semicarbazide and aniline were not significantly different. Incubation of erythrocytes in semicarbazide and aniline under the stated conditions did not change the absorption spectra of hemoglobin as determined by scanning spectrophotometry. There was no appreciable hemolysis noted after a 30-min incubation with semicarbazide and aniline.
DISCUSSION
The utility of glycosylated hemoglobin measurements can be adversely affected by inclusion of a labile fraction in the assay. The formation of the labile fraction is sufficiently fast compared with the slow, irreversible formation of the stable ketoamine that acute changes in blood glucose will result in an increase in the measured glycosylated hemoglobin concentration. 9 - 10 The clinical setting in which this is most likely to be seen is the patient with little or no glucose intolerance who is subjected to acute stress such as a myocardial infarction or the patient with glucose intolerance who has a transient period of worse control immediately before the assay. Under these circumstances, the hemoglobin A, concentration will be spuriously elevated and will no longer reflect the degree of chronic metabolic control. We have demonstrated that the labile fraction can be readily discharged by competing for the glucose with another primary amine, semicarbazide. The reaction is catalyzed with aniline at a pH of 5.0. The advantages of this method are its speed, simplicity, and the absence of hemolysis that is often seen with overnight incubations with isotonic saline. The chemical method worked equally well with both assay methods and should be widely applicable to other methods. The elimination of the labile fraction is a necessary step in assaying hemoglobin A 1c concentrations if the assay is to remain a reliable index of chronic metabolic control.
